To study the influence of the electron beam radius on the deposition parameters in dielectric under high energy electron irradiation, a model of dielectric irradiated by plane electron beam source was established. Monte Carlo simulation method was used to calculate the distribution of the injection current density, injection charge density, dose rate and radiation induced conductivity in the dielectric layer of Teflon after electron irradiation with different energies and different beam radii. The results show that the radius of the electron beam source has little influence on the distribution trend of the injection current density in the dielectric layer, as well as the peak position of the injection charge density and the dose rate, but it will significantly affect the peak value of injection charge density and the dose rate. When the electron beam radius is smaller than the dielectric layer radius, the calculated peak is higher than that of the electron beam completely covering the dielectric layer. The higher the electron energy is, the greater the relative deviation will be.
Introduction
When the dielectric materials used in the spacecraft are irradiated by high energy electrons, the electrical charge will be deposited inside the dielectric because of the insulation properties of the dielectric material, and then the deep charging phenomenon is generated in the medium layer [1] [2] [3] . After the charging electric field inside the dielectric exceeds the threshold of electric field breakdown, the discharge pulse will be generated, which will endanger the safety of the spacecraft. Therefore, the issue of deep charging of dielectric caused by high energy electron irradiation has attracted the attention of researchers at home and abroad [4] [5] [6] . To obtain the charging electric field of dielectric material irradiated by high energy electron beam, it is necessary to obtain the physical parameters such as the distribution of the injection current density, the distribution of the deposited charge and the distribution of the deposition energy in the dielectric, and then the time evolution of the electric field can be obtained through the Poisson's equation [7] [8] . There are two kinds of methods to calculate out the parameters of charge deposition and energy deposition. One is to use the analytical method [9] [10] , the other is to simulate the transport process of high energy electrons in dielectric materials based on Monte Carlo simulation, and obtain the physical deposition quantities by statistics [11] [12] .
In the Monte Carlo simulation of high energy electron irradiation process, it is necessary to establish the calculation model of electron irradiation medium. In the simulation model, the irradiated area of the dielectric material is often limited. Because the mass of electron is very small, the electron is easily scattered outside the irradiated area. So in the process of electron irradiation, the electron will expand to the area outside the range of the electron irradiated area, this will lead to the simulation results being affected by the modeling parameters in the established model. In the present research work, most of them only select a specific model parameter to calculate, and the influence of the model parameters on the simulation results has not been reported. To quantitatively study the influence of the radius of the electron beam and the size of the irradiated dielectric material on the simulation results, a Monte Carlo simulation model of Teflon irradiated by high energy electron is established in this paper. The deposition parameters under different radii of electron beam irradiation are obtained and the influence of the electron beam radius on the simulation results is summarized. Figure 1 shows the model of Teflon irradiated by high electron beam. The electron beam is a unidirectional plane source with a radius of re, the incident direction of electron beam is perpendicular to the surface of Teflon, and the incident position is located directly in front of the dielectric. The whole model is set in vacuum. The shape of Teflon is circular plate with the thickness of d=0.4 cm and the radius of R=0.8 cm. the density of Teflon is 2.2 g/cm 3 . In the simulation model, the dielectric of Teflon is divided into 100 layers, and the thickness of each layer is 0.004cm. The energy of the incident electron is set to be two typical values of 1 MeV and 2 MeV, which can represent two cases that the range of electron greater than or less than the thickness of the dielectric. The radius of electron beam source is set to be 5 different values, that are 0.1cm, 0.3cm, 0.5cm, 0.7cm and 0.9 cm. The first four radii are smaller than the thickness of the dielectric, and the last radius allows the electron beam to completely cover the dielectric of Teflon. The incident current density is set to be J0=0.1 pA/cm 2 in the simulation. During each irradiation simulation, the electron density of the emitted electrons is the same. The number density of incident electrons is 6.25×10 5 cm -2 s -1 according to the incident current density. The Monte Carlo simulation program MCNP 4B is applied to carry out the simulation of electron transport process [13] , and the number of simulated electrons is N0=10 7 , which can make the statistical error of all the simulation results of this paper less than 5%. The distribution of injection electron flow F1(x) at different positions x in Teflon layer is calculated by the F1 tally card, and the unit is 1. The distribution of the deposition charge F8(x) with the depth of Teflon is calculated by +F8 tally card, and the unit is 1. The distribution of energy deposition DE(x) in the dielectric layer is calculated by *F8 tally card, and the unit is MeV. The results of F1(x), F8(x), and DE(x) obtained from Monte Carlo simulation are converted to injected current density J(x), injected charge density Q(x) and dose rate D  (x). The conversion expressions are as follows.
Physical model and method
where, e is the charge quantity of electron; dt is the unit time, and it is 1s in our simulation; ρ is the density of Teflon; dx is the thickness of the slice when simulated, it is 0.004cm in our simulation; A0 is the area irradiated by the high energy electron beam, A0= 2 e r  when the radius re of the electron beam is less than the radius R of Teflon, A0=
when the radius re of the electron beam is greater than the radius R of Teflon, in which case the dielectric of Teflon is completely irradiated by electron beam.
The expression of the radiation induced conductivity of Teflon under high energy electron irradiation is
where, σ0(x) is the intrinsic conductivity when it is not irradiated, the value is 1.0×10 
Simulation result and discussion
Based on the above model, we get the charge and energy deposition distribution of high energy electrons in Teflon dielectric. Figure 2 is the simulation result for the case of the electron energy 1 MeV. The literature [11] used Geant4 and obtained the dose rate and deposition charge distribution of 1 MeV electrons in the Teflon with the size of 4mm*4mm*4mm. The peak of dose rate is at the depth of 0.65mm in the dielectric material. In our paper, the peak of dose rate simulated by using MCNP4B program is at the depth of x=0.78 in Teflon. It is basically consistent with the results in the literature [11] . From the simulation results of figure 2(a), it is known that the electrons with energy of 1 MeV have not completely penetrated the Teflon with a thickness of 4 mm, and there is an unirradiated area in the dielectric. The injected current density J(x) gradually decreases to zero with the increase of the dielectric depth, while the deposition charge density and dose rate increase firstly and then gradually decrease to zero with the increase of the depth of the dielectric. The peak value of the injected current density and the dose rate appeared in x=1.5 mm and x=0.78 mm of Teflon dielectric, respectively. From the simulation results shown in figure 2 , it can be seen that the curve of injected current density varies with the depth of the dielectric basically coincides at different electron beam radii, which indicates that the radius of the electron beam has little effect on the distribution trend of the injection current density. The position of the peak value of the deposition charge remains unchanged at the different radius of the electron beam, all of which are at depth of x=1.5 mm, but the peak values are unequal in different cases. The peak value of the deposited charge is -7.19×10 -13 C/cm 3 when the radius of electron beam re is greater than the radius of Teflon dielectric R, while that is -7.87×10 -13 C/cm 3 when re<R, which is 9.5% higher on the basis of the case of the electron beam covering the dielectric layer when re<R. -15 S/m, respectively, and the relative deviation between them is 3.9%. It can be seen that when the energy of the electron beam is 1 MeV, the radius of the electron beam source has little influence on the distribution trend of the injected current density varies with the depth of the dielectric, and has no effect on the position of the peak value of the deposited charge and the deposition energy. However, when the radius of the electron beam is greater than the radius of the dielectric, the peak value of the deposited charge and the peak value of the deposition energy are both less than that of the case of the radius of the electron beam less than the radius of the dielectric. Figure 3 shows the simulation result for the case of the electron energy 2 MeV. It can be seen that the electron with energy of 2 MeV has completely penetrated the dielectric layer with the thickness of 4 mm. In fact, the range of electron with energy of 2 MeV in the Teflon dielectric is Rs=0.446 cm, which is greater than the thickness of Teflon dielectric. Figure 3(a) shows that the curve of injected current density varies with the depth of the dielectric basically coincides when re≤ 0.5cm. The calculation results of injected current density J(x) for the case of re=0.7cm is less than that for the case of re≤ 0.5cm, and when the radius of the electron beam radius re>R, the injected current density is further reduced. Therefore, it is concluded that when the difference between the radius of the dielectric layer and the radius of the electron beam is more than 0.5 times the electron range, that is, Rre>0.5Rs, the radius of the electron beam has little effect on the calculation results of the injected current density.
The case of electron range is less than thickness of dielectric

The case of electron range is greater than the thickness dielectric
As can be seen from figure 3(b)~3(d), when re≤0.5 cm, re =0.7 cm and re=0.9 cm, the positions of the peak value of the deposited charge are all at x=0.34 cm, and the peak values of the deposited charge are -3.89×10
-13 C/cm 3 , -3.58×10 -13 C/cm 3 , -3.18×10 -13 C/cm 3 , respectively. On the basis results of the case of re>R, the relative deviations are 22.2% and 12.6%, respectively. When re≤0.5cm, re =0.7 cm and re=0.9cm, the positions of the peak value of the dose rate are all at x=0.18 cm, and the peak values of the dose rate are 0.287 mGy/s, 0.276 mGy/s, and 0.255mGy/s, respectively. With the results of the case of re>R as the basis, the relative deviations for cases of re≤0.5cm and re =0.7 cm are 12.5% and 8.2%, respectively. The peak values of the radiation induced conductivity are 1.34×10
-15 S/m, 1.31×10
-15 S/m, and 1.25×10 -15 S/m, respectively; and the relative deviations for cases of re≤0.5cm and re =0.7 cm are 7.2% and 4.8%, respectively. Compared with the results of figure 2 and figure 3 , it can be seen that, under the same condition of R-re, the higher the energy of electron is, the greater the relative deviation between the calculated results under the re<R condition and the calculated results under the re>R condition is. Considering the actual situation, the dielectric of the spacecraft may be completely irradiated by high energy electrons, so the radius of the electron beam source should be properly larger than the size of the irradiated dielectric sample in order to make the simulation model more reasonable and reliable.
In this paper, the physical calculation model of the Teflon dielectric irradiated by high energy electron beam was established. By using Monte Carlo simulation method, the distribution of the injected current density, deposition charge density, and the dose rate in the dielectric are obtained at various cases of irradiation electron beams with different energy and different beam radii. The results show that the radius of the electron beam does not affect the variation trend of the calculated distribution of the deposition parameters in the dielectric layer, and has little influence on the position of the peak value of the calculated physical deposition parameters, but it will affect the amplitude of the peak value. When the difference between the radius of the electron beam and the radius of the irradiated dielectric is greater than 0.5 times the range of the electron, the radius of the electron beam has little influence on the calculated injected current density, and the higher the energy of the electron is, the more significant the effect of the electron beam radius on the calculation result. Considering that the spacecraft or satellite devices are "immersed" in the electronic environment in the space radiation environment, the radius of the electron beam is recommended to be larger than the radius of the irradiated dielectric in simulation.
